24 Background: Epithelial ovarian cancer (EOC) cells disseminate within the 25 peritoneal cavity, in part, via the peritoneal fluid as single cells, clusters, or 26 spheroids. Initial single cell egress from a tumor can involve disruption of cell-cell 27 adhesions as cells are shed from the primary tumor into the peritoneum. In 28 epithelial cells, Adherens Junctions (AJs) are characterized by homotypic linkage 29 of E-cadherins on the plasma membranes of adjacent cells. AJs are anchored to 30 the intracellular actin cytoskeletal network through a complex involving E-31 cadherin, p120 catenin, b-catenin, and aE-catenin. However, the specific players 32 involved in the interaction between the junctional E-cadherin complex and the 33 underlying F-actin network remains unclear. Recent evidence indicates that 34 mammalian Diaphanous-related (mDia) formins plays a key role in epithelial cell 35 AJ formation and maintenance through generation of linear actin filaments. 36 Binding of aE-catenin to linear F-actin inhibits association of the branched-actin 37 nucleator Arp2/3, while favoring linear F-actin bundling. We previously 38 demonstrated that loss of mDia2 was associated with invasive single cell egress 39 from EOC spheroids through disruption of junctional F-actin. 40 41 Results: In the current study, we now show that mDia2 has a role at adherens 42 junctions (AJs) in EOC OVCA429 cells and human embryonic kidney (HEK) 293 43 cells through its association with aE-catenin and b-catenin. mDia2 depletion in 44 EOC cells leads to reduction in actin polymerization and disruption of cell-cell 45 junctions with decreased interaction between b-catenin and E-cadherin. 46 3 47 Conclusions: Our results support a necessary role for mDia2 in AJ stability in 48 EOC cell monolayers and indicate a critical role for mDia formins in regulating 49 EOC AJs during invasive transitions. 50 51
7 mDia2 and the catenins may not be dependent upon an intact F-actin network. 139
Collectively, these data indicate a critical role for mDia formins in regulating EOC 140
AJs during invasive transitions. 141 142 Results 143 mDia2 is essential for junction integrity in spheroids. 144
A key step in EOC dissemination is the shedding of cancer cells from the primary 145 tumor or secondary metastases into the peritoneal cavity, a process that 146 depends on the disruption of cell-cell junctions. To investigate the role of mDia2 147 in EOC junction integrity, stable mDia2 shRNA OVCA429 cells co-expressing 148 GFP were generated, along with control shRNA GFP-expressing OVCA429 cells. 149 Knockdown (KD) was confirmed with Western blotting (Fig. 1A ). E-cadherin 150 expression was unchanged upon mDia2 depletion. 151
152
To determine the effect of mDia2 on junctional strength, a hanging drop assay 153 was used to measure cellular resistance to mechanical shear forces [49, 50] . 154
Single-cell suspensions of OVCA429 GFP-expressing mDia2 KD or control cells 155 were seeded as droplets and cultured for 30 minutes to 4 hours (Fig. 1B) . Initially 156 at 30 minutes and 1 hour, control cells formed larger and more loosely-packed 157 spheroids compared to mDia2 KD cells. This is consistent with previous findings 158 indicating that mDia2 depletion in ovarian cancer cells led to increased spheroid 159 compaction [44] . However, by 2 hours, mDia2 KD and control cells formed similar 160 sized spheroids (Fig. 1C) . At the specified time points, mechanical trituration as 161 8 applied to the spheroids formed. Cell clusters were then enumerated as either 162 >20 cell, 11-20 cells or <11 cells. OVCA429 mDia2-depleted spheroids were 163 less resistant to shear forces than control cells, as the numbers of clusters >20 164 cells were reduced to 9% from 16%, respectively, in 4hrs ( Fig 1D-F) . This 165 corresponded to decreases in cell clusters of 11-20 cells of 26% of control cells compared to 9% of OVCA429-mDia2 KD at 2 hours. These results 167 suggest that mDia2 may have a role in stabilization of cell-cell junctions in EOC 168 clusters and resistance to shear forces. 169 170
Role of mDia2 in AJ formation 171
In AJ formation, the linkage between cadherins on adjacent cells is dependent on 172 calcium [9] . To determine the effects of mDia2 on AJ formation, a calcium switch 173 assay combined with immunofluorescence (IF) was used to visualize E-cadherin 174 and F-actin in mDia2 KD and control cells. Both mDia2 KD cells and control cells 175
formed AJs when cultured in calcium-containing medium ( Fig. 2A ). Upon 176 culturing in calcium-free media, AJs in both the mDia2 KD and control cells were 177 abolished, but by 4 hours of calcium repletion with calcium-containing media, AJs 178 were beginning to form in both cells ( Fig. 2A) . Junctional continuity was then 179 quantified, where a junction was determined to be continuous if the longest E-180 cadherin-positive region was at least 50% the length between two vertices of a 181 cell-cell junction [16] . The number of continuous E-cadherin-positive junctions 182 was significantly greater for control cells (59% of total junctions) compared to 183 mDia2 KD cells (19% of total junctions) ( Fig. 2B) . These data indicate that mDia2 184 may not only have an effect in junction integrity, but also in the formation of the 185 AJ in EOC cells. 186 187 mDia2 interacts with b-and a-catenin but not E-cadherin 188
As downstream effectors of Rho-GTPases, various formin family members 189 including FMNL2, Formin-1, and mDia1 localized to cadherin-based cell-cell 190 junctions and interact with junctional proteins in epithelial cells [11, 16, 38, 51-191 55] . Given its effect on AJ formation and stability, we next asked whether 192 endogenous mDia2 interacts with junctional proteins in OVCA429 monolayers. 193 OVCA429 cells express mDia2, mDia1, . Interaction between mDia2 with both a-and b-catenin was 195 detected by co-immunoprecipitation (IP). Previously, shown to bind to a-catenin and E-cadherin in MCF10A cells, while Formin-1 was 197
shown to bind to a-catenin in keratinocytes [11, 52, 53 ]. In our system, mDia2 co-198 precipitates with both a-and b-catenins, yet does not interact with either E-or N-199 cadherin, suggesting that mDia2 may be interacting with a cytosolic, rather than 200 membrane-associated junctional pool of catenins ( Fig. 3A ). mDia1 does not 201 interact with b-catenin ( Fig. 3B) , indicating a formin-specificity to this interaction. 202 This is consistent with previous findings suggesting that mDia2, and not mDia1, 203
is involved in junctional stability in ovarian cancer spheroids [44] . Neither mDia1 204 nor mDia2 precipitated with the cadherins (Fig. 3A , C) and Proximity Ligation 205 Assays (PLA) confirmed a lack of mDia2 and E-cadherin interaction in cells (Fig. 206 S1) . A positive PLA signal indicates when two proteins are within 40 nm of each 207 other. Collectively, these data indicate that neither mDia1, nor mDia2 associate 208 with AJ-associated E-cadherin complexes. 209
210
To confirm interactions between mDia2 and a-and b-catenins and to localize 211 these interactions within cells, we performed PLA in conjunction with E-cadherin 212 and F-actin IF. PLA interaction between a known direct interaction pair of a-and 213 b-catenin robustly detected both cytosolic and junctional interactions, while PLA 214 reactions with mDia2 antibody alone revealed no signal ( Fig. 3D ). mDia2 and a-215 and b-catenin interactions were observed and were mostly localized not to the 216 junctional area as demarcated by E-cadherin, but to the non-junctional area ( Fig.  217 3D, E). Taken together, these results indicate that mDia2 interacts with the a-218 and b-catenins in a spatially distinct manner than that of junctional E-cadherin. 219 220 mDia2 co-precipitates with a-and b-catenin in HEK293 cells 221
To validate the interactions between mDia2 and a-and b-catenins, we 222 exogenously expressed mDia2 and a-or b-catenin in HEK293 cells. IP for GFP 223 revealed GFP-mDia2 interaction with HA-a-catenin ( Fig. 4A ). Next, we 224 transfected HEK293 cells with Flag-mDia2 and GFP-b-catenin. IP for GFP 225 showed GFP-b-catenin interacted with Flag-mDia2 ( Fig. 4B ). These results 226 confirm our previous findings in OVCA429 cells, confirming interactions between 227 mDia2 and a-and b-catenin. 228 229 mDia2 affects junctional stability 230
To assess the requirement for mDia2 on junctional protein expression and 231 localization, we visualized junctional markers E-cadherin and b-catenin in mDia2-232 and control-depleted OVCA429 cells. While total E-cadherin levels were not 233 affected by mDia2 depletion relative to control cells ( Fig. 1A) , mDia2 knockdown 234 cells exhibited clustered and discontinuous localization of E-cadherin and b-235 catenin at the junctional region compared to the linear junctional staining of both 236 proteins in control cells (Fig. 5A ). This effect was similar to the clustered staining 237 of E-cadherin and b-catenin seen upon treatment with untransfected OVCA429 238 cells with a small molecule inhibitor of the formin homology 2 (FH2) domain 239 (SMIFH2), a broad-spectrum formin inhibitor ( Fig. S2A) [56]. The number of 240 continuous junctions was quantified. The proportion of continuous junctions was 241 significantly higher for control cells compared to mDia2 knockdown cells. In 242 control cells, 76% of junctions between cells were continuous, compared to 22% 243 of mDia2 knockdown cell junctions ( Fig. 5B ). This indicates that mDia2 is 244 essential for junctional localization of E-cadherin and b-catenin, and is consistent 245 with our previous findings suggesting loss of junction strength upon mDia2 246 depletion. 247
248
To evaluate F-actin levels underlying AJs in mDia2-and control-depleted cells, 249
we stained OVCA429s with phalloidin. We observed a marked decrease in F-250 actin staining in the mDia2-depleted cells relative to control cells ( Fig. 5C ). Actin 251 filaments were quantified using Filaquant software, which showed a significant 252 reduction in F-actin in mDia2 knockdown cells relative to control cells ( Fig. 5D ), 253 just as formin inhibition with SMIFH2 also reduced filament levels ( Fig. S2B) . 254
These results suggest that mDia2 depletion leads to disruption in junctional 255 localization of β-catenin and E-cadherin with concurrent reduction in F-actin. 256
mDia2 expression affects interactions between junctional proteins 258
To determine whether a causal relationship exists between F-actin reduction and 259 AJ disruption, we investigated interactions between junctional proteins upon 260 mDia2 depletion. AJs are characterized by stable interactions between E-261 cadherin and catenins (reviewed in [57] ). We therefore evaluated the interactions 262 between E-cadherin and b-catenin in mDia2 knockdown and control OVCA429s. 263
We used PLA probes to visualize E-cadherin and b-catenin interaction ( Figure  264 6A), as well as a-catenin and b-catenin ( Figure 6B ), in conjunction with phalloidin 265 staining. We observed a decrease in b-catenin/E-cadherin interaction in mDia2 266 knockdown cells with notably more disorganized F-actin ( Fig. 6A ). Quantification 267 revealed a significant reduction in b-catenin/E-cadherin interaction in mDia2 268 knockdown cells compared to control cells ( Fig. 6C ). This indicates that mDia2-269 mediated junction stability may, in part, be attributed to an F-actin-dependent 270 stabilization of the b-catenin/E-cadherin complex. 271
272
As b-catenin is also associated with both junctional and cytosolic a-catenin, we 273 We previously showed a reduction in levels and organization of F-actin in mDia2 286 knockdown OVCA429 cells ( Fig. 5C-D) . This was in response to global 287 suppression of mDia2-dependent F-actin dynamics. We therefore evaluated 288 whether F-actin was necessary to facilitate interactions between mDia2 and a-or 289 b-catenin or between b-and a-catenin. We used cytochalasin D (CytoD) to 290 globally inhibit actin polymerization. PLA was used to visualize interactions 291 between these protein pairs in CytoD-or DMSO-treated OVCA429s. By 30 292 minutes, CytoD-treated cells had visible and widespread disruption in the 293 cytoskeletal network accompanied by AJ disruption as visualized by E-cadherin 294 staining ( Fig. 7A-C) . Cortical actin underlying the junctions was clustered and 295 discontinuous in CytoD-treated cells compared to the continuous linear 296 junctional staining seen in control cells. Interestingly, there was comparable PLA 297 signal for the α-/β-catenin and β-catenin/mDia2 PLA pairs between treatment and 298 control cells ( Fig. 7A , C-D), suggesting that the interaction between mDia2 and b-299 catenin or a-and b-catenin do not occur through mutual binding to F-actin. This 300 is consistent with previous studies, which pointed to an α-catenin pool that 301 heterodimerizes with b-catenin and concurrently displays decreased affinity for F-302 actin [13, 14] . This pool of a-catenin should be unaffected by disturbances in the 303 actin cytoskeleton. Interestingly, a small yet significant increase in mDia2/a-304 catenin interactions was observed upon CytoD treatment and global F-actin 305 polymerization defects ( Fig. 7B, D) . These data collectively suggest that mDia2 306 can interact with a-catenin in the absence of organized F-actin networks. Indeed, 307
previously Formin-1 was shown to interact with a-catenin in a purified system in 308 absence of F-actin [53] . However the primary a-catenin-binding sequence of 309
Formin-1 is not significantly homologous to that of mDia formins, suggesting an 310 alternate mechanism. Furthermore, suppression of polymerized F-actin may 311 underlie conformational changes in a-catenin to enhance its localized interaction 312 with mDia2 away from the AJ [8, 12, 58] . Together, this suggests that actin 313 disruption does not prevent interactions between mDia2 and the catenins, but 314 instead may alter the nature and location of these interactions, such that they are 315 no longer contribute to junctional stabilization. 316 317
Discussion 318
The poor prognosis associated with EOC can largely be attributed to its 319 diagnosis in the late stages of the disease when cancer cells have already 320 disseminated within the peritoneal cavity. Previously, depletion of mDia2, but not 321 mDia1, was associated with single cell invasion from ovarian cancer spheroids 322
[44]. Here, we show for the first time that mDia2 is essential for maintenance of 323 cell-cell junction strength in EOC spheroids and AJ formation. This may be 324 attributed to interactions between mDia2 and AJ proteins, specifically a-and b-325 catenin. Interestingly, mDia2 does not appear to interact with the catenins at the 326 junctions, indicating that its localization to the AJ is not necessary for its role in 327 junction maintenance. As expected, mDia2 depletion resulted in a significant 328 reduction in actin filament levels and marked disorganization in cytoskeleton 329 architecture. However, disruption of the F-actin network did not prevent 330 interactions between a-and b-catenin or between mDia2 and b-catenin. These 331 data suggest a key role for mDia2 in AJ formation and stability in EOC cells 332 which may not be entirely dependent on its actin-polymerizing activity. In this 333 study, we did not assess the roles of targeting mDia2-directed microtubule 334 stabilization in AJ function, as mDia formins were shown to strengthen AJs in the 335 absence of microtubules [16] . 336 337 Epithelial cells, including EOC cells, develop cadherin-based AJs, via a three-338 step process which involves initiation of the cell-cell contact, expansion of the 339 contact interface, and finally, stabilization of the contact to form multi-cellular 340 structures including epithelial monolayers and three-dimensional (3D) spheroids 341 [11, 57, 59, 60] . During cell migration, actin polymerization generates dynamic 342 plasma-membrane protrusions, which include finger-like filopodia characterized 343 by parallel F-actin bundles extending beyond the leading edge of lamellipodia 344 [60, 61] . Contact initiation occurs when junctional proteins at the filopodia tips 345 16 form homophilic linkages with proteins in the neighboring cell [9, 11, 62] . 346
Cadherins then cluster at the newly formed contact and induce actin-remodeling 347 to form a stable junction [11, 59, 60] . Our findings that mDia2 plays a role in 348 junction formation are consistent with role for other formins including Formin-1 349 and mDia1 in junction stabilization in keratinocytes and MCF7 breast cancer cells 350 [11, 16, 53] . This, compounded with the finding that mDia2 is a predominant proposed wherein a-catenin cycles between a junctional pool bound to the E-360 cadherin/b-catenin complex and a peri-junctional pool bound to F-actin along with 361 various actin-binding proteins such as the formins [8, 12, 13] . In the present 362 study, mDia2 associated with both a-and b-catenins, but neither with E-nor N-363 cadherin. Furthermore, these mDia2-catenin interactions occurred predominantly 364 in the non-junctional region. This suggests that mDia2 either associates with a-365 and b-catenin separately as a duplex or together as a cytosolic or nuclear triplex. 366
We cannot rule out the possibility of a triple complex of E-cadherin, b-catenin, 367 and mDia2, although our co-IPs failed to support this notion. At the same time, 368 there remains the possibility that under certain specific conditions, mDia2 may 369 act as the link between the E-cadherin complex and a-catenin bound to F-actin. 370
371
Formins are known to maintain junctional stability through both cortical actin 372 polymerization and junctional contractility regulation. Indeed, mDia1 regulates 373 junctional tension by reorganizing actin into actomyosin bundles at the AJ in 374
Caco-2 colon epithelial cells [64] . This is significant given that a-catenin binding 375 to both F-actin and the actin-binding protein vinculin are force-dependent due to 376 conformational changes in a-catenin that occur with force application [6, 65] . As 377 mDia2 is important for junctional stability and resistance to shear force in EOC 378 cells (Figure 1) , it is reasonable to surmise that mDia2 stabilizes junctions by 379 providing contractile force at the AJ. This, in turn, would enhance anchorage of 380 the junctional E-cadherin/b-catenin complex to the F-actin network via a-catenin. 381
382
What if the actin network itself is disrupted? While inhibition of actin 383 polymerization with CytoD led to AJ disruption, it did not reduce non-junctional 384 mDia2 and b-catenin interactions ( Fig. 7C-D) . Meanwhile, F-actin disruption 385 slightly increased interactions between mDia2 and a-catenin (Fig. 7B, D) . 386
Therefore, although AJ stability involves actin-dependent localization of junctional 387 proteins [66], mDia2 does not require F-actin to associate with either a-or b-388 catenin in the non-junctional region. As b-catenin is not known to bind to F-actin, 389 actin depolymerization is not expected to affect its interaction with mDia2. While 390 a-catenin homodimers bind to F-actin in the cytosol, a-catenin's major 391 stoichiometric binding partner in the cytosol is b-catenin [12, 67] . The slight 392 increase in a-catenin interaction with mDia2 could potentially be attributed to a 393 change in a-catenin conformation that occurs upon actin depolymerization, just 394 as a-catenin conformation is regulated by actomyosin contractile force [64] . 395
396
We show here that mDia2 depletion significantly reduces global F-actin levels 397 ( Fig. 5D ). Decreased F-actin could potentially decrease the number of a-catenin 398 homodimers that preferentially binds to it, concomitantly increasing the pool of a-399 /b-catenin heterodimers. Indeed, we observed that mDia2 depletion is associated 400
with an increase in a-/b-catenin interaction. We also observed a concurrent 401 reduction in b-catenin/E-cadherin interaction. This is consistent with the concept 402 that stability of the junctional b-catenin/E-cadherin complex is dependent on its 403 anchorage to F-actin. Together, these findings support the notion of mDia2's 404 indirect role in junction stabilization through F-actin polymerization and bundling. decreased E-cadherin expression is associated with peritoneal seeding of tumor 413 cells and lower overall survival rate [43, 71] . Here we identify a novel role for 414 mDia2 in AJ stabilization to impact EMT in 3D ovarian cancer spheroids [44] . 415
While we did not observe an interaction between mDia2 and the cadherin 416 molecules, mDia2 interacts with key regulators of the AJ, a-and b-catenin to 417 disrupt E-cadherin localization to AJs. 418
419
It is interesting to note that mDia2 minimally interacts with junctional b-catenin, 420 which was unexpected given its junction stabilizing effect. It has previously been 421
proposed that the AJ acts as a sink for cytosolic b-catenin, drawing b-catenin 422 away from the Wnt signaling pathway with transcriptional activation of pro-423 migratory genes [72] . Cytosolic and nuclear α-catenin can also regulate 424 transcription, both through b-catenin binding and its regulation of nuclear actin 425
[73]. Our finding that mDia2 interacts with both catenins may suggest a potential 426 role in transcriptional regulation, bridging the AJ and Wnt signaling pathways. 427
Future studies would aim to determine how mDia2 affects Wnt/b-catenin 428 signaling in EOC. 429 430
Conclusions 431
In summary, our findings indicate an essential role for mDia2 in AJ formation and 432 stability in EOC cells. These effects are likely achieved through its interactions 433 with and regulation of a-and b-catenin. While we demonstrate interaction, it 434 remains uncertain whether a-catenin binding to mDia2 impacts either actin 435 polymerization or bundling, or which domains of mDia2 and a-catenin interact. 436
Furthermore, our current studies utilize EOC monolayers to dissect the 437 interactions between mDia2 and proteins involved in the AJ. Assuming that these 438 same interactions occur in 3D spheroids and given that loss of mDia2 is 439 associated with disease progression in ovarian cancer [74] , our findings support 440 a novel mechanism for EOC dissemination that should be considered in 441 development of targeted therapy against this deadly disease. 442
443
Methods 444
Cell lines and reagents 445
Serous ovarian adenocarcinoma OVCA429 cells were kind gifts from Dr. To generate OVCA429 cells stably depleted of mDia2, OVCA429 cells were 475 transfected with GFP-mDia2 shRNA constructs (Origene) using Fugene 476 (Promega (Madison, WI)) per manufacturer's protocol and drug selected with 4 477 µg/ml puromycin. Control cells were generated using empty pGFP-V-RS vector 478 (Origene). Cells were then further selected for GFP through flow cytometry using 479 the FACS Aria Ilu High-Speed Cell Sorter (BD Biosciences (Franklin Lakes, 480 NJ)). Knockdown of mDia2 was confirmed using Western blotting with an anti-481 mDia2 antibody (Proteintech Rosemont, IL) at 1:1000. 482 HEK293 cells were transiently transfected using a standard calcium phosphate 483 transfection method [45] . Tris-HCl pH 7.5, 100 mM NaCl, 1% NP40, 10% glycerol) with protease inhibitors 490
(1 µM each of NaVO 4 , aprotinin, pepstatin, leupeptin, DTT, PMSF). Lysates were 491 incubated with anti-mDia2 antibody (Proteintech (Rosemont, IL)) or control Fab 492 fragment (Jackson Immunolabs) at a concentration of 1 µg antibody per 1 mg 493 lysate for 3 hours at 4 O C with shaking, followed by addition of Protein A Agarose 494 beads (Invitrogen, Santa Cruz) for 1 hour at 4 O C with shaking. Beads were 495 washed 5 times with NP40 buffer then heated at 85 O C in SDS lysis buffer prior to 496 loading in gels. 497 HEK293 cells were grown to 70% confluence and transfected with HA and GFP 498 or HA-a-catenin and GFP-mDia2-encoding vectors. Lysates were collected with 499 NP40 buffer and 1 µM protease inhibitors 48 hours post-transfection. Lysates 500 were incubated with anti-GFP (Abcam (Cambridge, United Kingdom)) antibody 501 for 3 hours at 4 O C then 1 hour with Protein A agarose beads, prior to washing in 502 NP-40 buffer. 503
Western blotting was performed with 4-20% SDS-PAGE (Biorad), followed by 504 immunoblotting with the following antibodies: rabbit anti-mDia2 (1:1000, 505 (Proteintech), mouse anti-E-cadherin (1:1000, Cell Signaling), mouse anti-N-506 cadherin (BD Transduction Laboratories (Franklin Lakes, NJ)), rabbit anti-mDia1 507
(1:1000, (Proteintech), rabbit anti-a-catenin (1:2000 (Proteintech), and rabbit 508 anti-b-catenin (1:2000 (Proteintech) and visualization by the Clarity™ Western 509 ECL kit (Biorad). 510
Immunofluorescence and Image Analysis 511
For immunofluorescence, cells grown upon glass coverslips were fixed in 4% 512 paraformaldehyde (PFA)/phosphate buffered saline (PBS) for 5 minutes, washed 513 with PBS, permeated with 0.5% Triton X-100 (TX100) for 20 minutes, blocked for 514 an hour with 3% bovine serum albumin (BSA)/PBS, and incubated with 515 antibodies against 1:100 b-catenin (Proteintech) and 1:100 E-cadherin (Cell 516 Signaling), or 1:100 aE-catenin (Genetex (Irvine, CA)) and 1:100 mDia2 517 (Proteintech) overnight at 4 O C followed by incubation with 1:200 Alexa-Fluor 518 secondary antibodies (Invitrogen) for 2 hours at 37 O C. To visualize F-actin and 519 nucleus, we used 1:100 Alexa Fluor 647 Phalloidin (ThermoFisher Scientific 520 (Waltham, MA)) and DAPI (Invitrogen), respectively. Coverslips were mounted 521 with Fluoromount-G (SouthernBiotech (Birmingham, AL)) and visualized with an 522 24 Olympus 60x UPlanFl 1.25 NA oil objective on the EVOS FL epifluorescence 523 microscope (AMG/Thermo Fisher). 524
To quantify actin filament number and length, images of phalloidin-stained cells 525
were uniformly processed with Photoshop and Filaquant software provided by Dr. 526
Konrad Engel of the University of Rostock [46] . To determine junction continuity, 527 a junction was characterized as "continuous" as described [16] . Briefly, if E-528 cadherin fluorescence along a cell-cell contact was above background 529 fluorescence for at least 50% of the distance between the cell vertices, that 530 junction was considered continuous [16] . Quantification was performed using a 531 custom Python script. At least 50 junctions were counted per condition for each 532 experiment and the experiment was performed thrice. 533
In Situ Proximity Ligation Assay (PLA) 534
To visualize the interactions and localization of the interactions between mDia2 535 and αE-catenin, we used the Duolink PLA kit (Sigma-Aldrich (St. Louis, MO)). 536 OVCA429 cells were fixed with 4% PFA/PBS, permeated with 0.5% TX100, 537 blocked with 3% BSA/PBS and incubated overnight with primary antibodies. The 538 following antibodies were used: 1:100 goat anti-E-cadherin (R&D Systems 539 (Minneapolis, MN)), 1:100 rabbit anti-mDia2 (Proteintech), 1:100 mouse anti-aE-540 catenin (GeneTex), 1:100 mouse anti-b-catenin (Origene), 1:100 mouse anti-E-541 cadherin (Cell Signaling). Cells were then incubated with secondary antibodies 542 conjugated to oligonucleotides per manufacturer's protocol. Briefly, after 543 incubation with anti-mouse and anti-rabbit secondary antibodies, cells were 544 incubated with ligase followed by polymerase and close protein-protein 545 interactions (<40 nm apart) were detected as fluorescent dots generated by 546 rolling circle amplification with complementary fluorescent oligonucleotides [47] . 547
Cell nuclei were stained with DAPI (Invitrogen) and F-actin with 1:100 Alexa 548 The assay was performed as described [48, 49] . Briefly, control or mDia2 KD 562 OVCA429 cells were trypsinized, centrifuged, and re-suspended as single-or up 563 to 3-cell suspensions at 2.5x10 5 cells/ml. For each cell type, 20-µl droplets were 564 pipetted onto the lids of 35 mm culture dishes and dishes were filled with 2 ml of 565 growth media. At 0.5, 2, and 4 hours, the lids were inverted and drops were 566 transferred to glass slides and pipetted 10 times through a 20-µl pipet tip. Three 567 random fields were imaged using epifluorescence microscopy with an Olympus 568 mDia2 KD and OVCA429-control cells were plated and grown to 70% confluence 848 in RPMI medium. Cells were then cultured in calcium-free RPMI for 16 hours 849 followed by regular RPMI and processed and imaged at specified times. For 850 control, cells were in fresh RPMI for 16 hours and again for 4 hours. Cells were 851 stained for E-cadherin and F-actin. Representative fields at 0 and 4 hours after were transfected with GFP-mDia2 and HA-a-catenin or GFP and HA empty 872 vectors. IP for GFP was followed by immunoblotting for mDia2, a-catenin, and 873 GFP. The experiment was repeated thrice. B. Cells are transfected with Flag-874 mDia2 and GFP-b-catenin or Flag and GFP empty vectors. IP for GFP was 875 followed by immunoblotting for Flag and GFP. 
